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ABSTRACT 
 
Sink, John Esten.  M.S., Department of Geological Sciences, Wright State University, 
2007. Evidence of a Pre-Mount Simon, Half-Graben Basin in Greene County, Ohio by   
Reprocessing a Wright State University Seismic Line.  
 
 The reprocessing of the WSU2002 seismic line indicates the presence of a 
Precambrian half-graben. Also observed through this reprocessing is the possible 
presence of Paleozoic structures. Although Paleozoic features have been interpreted, 
variations in glacial drift thickness evidenced by glacial drift maps also may have 
contributed to a lower quality of stacked section in comparison to other seismic lines.  
 WSU2002 was originally processed by Lauren Geophysical. The Lauren 
processing resulted in an image that was of much lower quality than corresponding 
seismic lines. The Lauren Geophysical processed section revealed many horizontal 
Paleozoic reflections, with no prominent reflectors beneath the Paleozoic. This prompted 
a study to be done to reprocess the data and determine if other reflections could be found. 
As a result of the processing undertaken in this study new reflectors have been 
found beneath the Paleozoic reflections. There are multiple interpretations of the sub-
Paleozoic reflections which lead to a half-graben interpretation.  Also new in this study is 
topography in the usually flat lying Paleozoic reflections. A low coherency in reflections 
is assumed to be the result of glacial drift thickness variations. At one point in the lower 
Paleozoic reflections is interpreted above a reactivated fault. This anticline could also be 
the result of variations in glacial drift.  
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1.0. INTRODUCTION 
1.1 Background 
 In the 1990’s, after the discovery of the Precambrian Middle Run Formation in 
Warren County and the associated seismic line (Figure 1), Wright State University 
(WSU) has collected a series of short industry-scale seismic reflection lines in 
southwestern Ohio. One of the goals of these seismic lines was to better map the 
distribution and origin of the Middle Run strata lying just west of the Grenville Front. 
The WSU seismic line collected in 2002, hereafter named WSU2002, is the most recent 
of these WSU seismic lines. Although WSU2002 was originally processed gratis by 
Lauren Geophysical to professional standards, the quality of the resulting stacked section 
was lower than that of prior seismic lines. As a result, the 2002 line is here targeted for 
reprocessing to try to improve the image and to understand the cause of its lower quality.  
The Middle Run Formation is a red lithic arenite, discovered during the drilling of 
core hole DGS 2627 in Warren County, Ohio by the Department of Natural Resources, 
Division of Geological Survey (DGS).  Prior to the drilling of core hole DGS 2627, 
project geologists involved believed that the Mount Simon Sandstone (Upper Cambrian) 
rested unconformably upon the Precambrian crystalline basement. The continuous core 
obtained included the top of the Drakes Formation (Upper Ordovician) through the 
Mount Simon Sandstone, however below the Mount Simon a new sedimentary unit was 
discovered (Figure 2).  This unit was named the Middle Run Formation (Shrake, 1990). 
The unexpected discovery of the Middle Run Formation sparked further investigation, 
and seismic lines have sought to clarify its depositional setting. 
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Figure 1. Cincinnati Arch Consortium seismic line associated with the DGS2627 line 
(Shrake, 1991). 
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Figure 2. Stratigraphic section cored during the drilling of DGS 2627 (Shrake et al., 
1991). 
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Many hypotheses were developed for the deposition of the Middle Run 
Formation, but without adequate information about the formation’s basinal setting any 
model is difficult to substantiate.  Previous cores that were thought to have reached the 
Precambrian basement were re-analyzed and shown to contain strata similar to that of the 
Middle Run Formation. These cores started to reveal the Middle Run’s broad extent. The 
Cincinnati Arch Consortium was formed to research the basinal setting and establish the 
known extent of the Middle Run Formation. The Middle Run Formation is not exposed 
within the state of Ohio, as a result only cores and geophysical methods could be used to 
determine the shape and distribution of the basin. 
 The Grenville Front is the name given to the north-south trending boundary 
separating the Grenville Province (~1Ga) from the older, Eastern Granite-Rhyolite 
Province (Figure 3).  WSU2002 was positioned to cross part of a suspected Middle Run 
basin just west of the Grenville Front as defined from total-field magnetic map (Figure 
4). During the Middle Run investigations, differing explanations were put forth to explain 
the origin and Precambrian setting adjacent to the Grenville Front. The Precambrian 
rocks are the least understood portion of geology in Ohio, partly because the Precambrian 
basement is also not exposed anywhere in Ohio (Hansen, 1996).  
Relative dating would help explain the type of basin that the Middle Run 
Formation occupies. In order to better understand relative ages previous studies, have 
used gravity and magnetic surveys (Figure 4), others used zircon dating, and still others 
used seismic data. The goals of this study are to better image the WSU2002 seismic line, 
better understand the reason that this seismic line is of lower quality than previous lines 
and provide an interpretation of any improved image obtained.    
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Figure 3. Basement provinces of the Midcontinent of North America (modified from Van 
Schumus et al., 1982, modified from Allen et al., 1997). Parenthesized numbers are the 
Ages of the provinces in Ga.  
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Figure 4.  Reduced-to-pole magnetic anomalies of Ohio showing the location of seismic 
lines used in this study and the Grenville Front (modified from Richard et al., 1997) 
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1.2 GEOLOGY 
 
 The area of investigation lies on the Cincinnati Arch, which to the north branches 
into the Findley and Kankakee Arches (Figure 5).  These basement arches likely formed 
in association with subsidence in the adjacent Illinois, Michigan, and Appalachian basins. 
The arches are also part of an elevated region called the Indiana-Ohio platform (Lucius 
and Von Frese, 1988).   
There is much structural deformation within the Precambrian basement. The 
deformation is due to the occurrence of the Grenville Orogeny (~1Ga), which thrust the 
Grenville province onto the Eastern Granite-Rhyolite Province to the west. The tectonic 
boundary between these two provinces is called the Grenville Front. The Grenville Front, 
where exposed in Canada, is dipping beneath the Grenville Province (Green, 1988). On 
COCORP (Consortium for Continental Reflection Profiling) deep seismic data across 
Ohio the Grenville Front tectonic zone is observed as an east dipping zone of primary 
reflections (Pratt et al., 1992; Culotta et al., 1990).  
  It is upon this Precambrian basement that the unmetamorphosed Middle Run 
Formation was apparently deposited. However, various basinal settings have been 
suggested for the deposition of the Middle Run Formation. One suggested basinal setting 
for the Middle Run Formation is that of a rift basin, possibly Keweenawan. Drahovazal et 
al. (1992) followed Hinze et al. (1975) in interpreting that gravity and magnetic data 
suggest that the Middle Run Formation may be connected to the Midcontinent Rift in 
central Michigan. The late Precambrian Midcontinent Rift developed when the crust 
domed then rifted above a likely hot plume (Figure 6). The associated rift basins 
branched radially from the vicinity of the eastern end of present Lake Superior.  
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Figure 5. Structure contour map of the Precambrian surface in Ohio. Contour interval is 
250ft (Modified from Owens, 1967 by Chen, 1994) 
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Figure 6.  Development of the East Continent Rift Basin in western Ohio. (A) 
Emplacement of granitic igneous rocks about 1.5 billion years ago. (B) Rifting of the 
crust by spreading about 1 billion years ago. The basin was filled by a thick sequence of 
sediments and lava flows. (C) Formation of the Grenville Mountains between about 990 
and 880 million years ago. Continental collision in eastern Ohio thrust Grenville rocks 
westward over the rift zone in a series of thrust sheets. The western limit of thrusting is 
known as the Grenville Front. (D) Leveling of the mountains by erosion; wrench faulting. 
(E) Transgression of the first of the Paleozoic seas about 570 million years ago and burial 
of the leveled Precambrian surface beneath a thick sequence of sedimentary rocks 
(Modified from Hansen, 1996). 
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 A second suggestion is that the Middle Run Formation occupies a foreland basin 
setting (Hauser, 1993). The foreland basins would have been created by the collision and 
loading of the Grenville Orogeny with the Eastern Granite Rhyolite Province.  The basin 
fill (Middle Run Formation) in this model, came from the erosion of the uplifted 
Grenvillian Orogen, which when denuded was covered by the Paleozoic platform strata.  
 Hauser (1996) also suggested that the basins may be related to transtension 
associated with the Keweenawan mid-continent rifting, and possibly represent pull-apart 
basins. Drahovzal et al. (1992) considered strike-slip faulting as the reason for the pull-
apart basins. Other possibilities suggested for the basinal setting are sedimentation 
associated with the Rome Trough (Shrake, 1991b) or an even older sequence of rocks 
associated with the Eastern Granite-Rhyolite Province (Pratt et al., 1992). 
Santos et al. (2002) using zircon dating stated that “the maximum age for the 
Middle Run Formation is 1048 ±22 Ma” and “considering that the Grenville Orogen 
occurred between 1070 and 1050 Ma the Middle Run Formation is unequivocally post-
Grenvillian.” Since this statement gives a relative date sometime during or after the 
Grenville Orogeny, many of the rift basin theories would be eliminated. Yet according to 
Bressler (2001), the zircon dating of the Middle Run is still under contention.   
The formations above the Precambrian basement within this part of Ohio are only 
mildly structurally deformed sedimentary rocks associated with the development of the 
Cincinnati Arch and the Ohio-Indiana Platform features (Bressler, 2001). On top of the 
previously deposited sedimentary rocks, Pleistocene glaciations left drift that is found 
lying in varied thicknesses upon bedrock. Glacial drift thickness variations can cause 
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significant difficulties for the processing of seismic reflection data. This is because drift 
variations would have strong statics effects and result in degraded data (Yilmaz, 1989).  
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2.0 METHODS 
2.1 Location 
 The seismic data was acquired in Greene County, Ohio along Waynesville-
Jamestown Road. The line has a rough southwest-northeast trend and follows the 
wanderings of a country road for approximately 12 miles (Figure 7). The line started at 
the intersection of Anderson Road and Waynesville-Jamestown Road, and ended at the 
intersection of Waynesville-Jamestown Road and Jasper Road. This area is west of the 
Grenville Front as identified on potential field maps (Figure 4).  
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Figure 7. Top: State map of Ohio showing the location of the city of Xenia, within 
Greene County. Bottom: Road map showing location of WSU 2002. BOL stands for 
where beginning of line, and EOL stands for end of line (modified from Geyer, 2007). 
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2.2 Acquisition 
 Data were collected in August of 2002 along Waynesville-Jamestown Road for 
approximately 9 miles. The data was gathered prior to the author’s involvement.  A 
vibroseis truck and operator, which were donated by Appalachian Geophysical of 
Killbuck, Ohio, provided the seismic signal. The sweep used by the vibroseis truck 
contained a range from 20hz-120hz. Two 60 channel Stratavisor seismic recording boxes, 
available through the IRIS (Incorporated Research Institutions for Seismology) 
Consortium, were used with the WSU seismic cables and 120 channel roll switch to 
record these data. Dr. Ernest Hauser, Dr. Paul Wolfe, Annie McIntyre, Bill McIntyre, and 
a number of WSU students participated in the acquisition of the data. 
 The roll switch in the recording truck, connected with the field cables, output 120 
channels of data which were recorded on the pair of 60-channel Stratavisors. A 60Hz 
notch filter was applied to the data by the Stratavisor recording boxes to reduce power 
line noise. The Stratavisors also correlated the vibroseis field data.  
There was a distance of 110ft between stations, with 12 geophones spaced 10ft 
apart comprising a geophone group. According to the observer logs there were 459 
stations. Each station was a shot point and the beginning of the geophone group.  The 
vibroseis truck initially rolled into the array and then at approximately station 25, the 
array moved with the truck (Figure 8).  Similarly at the end of the survey line the 
vibroseis truck continued through a stationary recording spread at the end of the seismic 
line (Figure 9). This process is called “shooting through the spread”. 
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Figure 8. Example of how a vibroseis truck rolls into a seismic line. Tick marks are 
geophone ensembles, and in increments of 10. Notice that when the vibroseis truck 
reached approximately ensemble 25 the seismic line moves with the truck. 
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Figure 9. Example of how a vibroseis truck rolls off of a seismic line. Notice that the 
seismic line is moving with the truck until the seismic line reaches its end point. The 
truck then continues its path through the stationary recording spread. 
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2.3 Seismic Processing 
 The processing undertaken in this study was performed using the Promax 7.0 
interactive processing package.  The procedure described below outlines the reprocessing 
of the WSU2002 seismic line. As mentioned previously, a 60 Hz notch filter was applied 
to the data by the Stratavisor recording boxes to remove cultural noise which typically 
emanates from electrical power lines. Vibroseis correlation was also performed in the 
field by the Stratavisors. 
 
2.3.1 Raw Data Input 
 The correlated field data were recorded by two 60 channel Stratavisors in the 
SEG-2 format. The data were then downloaded onto two compact discs, 60 channels per 
file. The discs were then imported to the Sun computer system where the data were saved 
as WSU2002A for the first Stratavisor data set (channels 1-60) and WSU2002B for the 
second Stratavisor data set (channels 61-120) (Figures 10-11).  
 
2.3.2 Combine Raw Data Sets 
 The two data sets, WSU2002A and WSU2002B, were then combined to make a 
120 channel record (Figure 12). In addition, the trace header information was renumbered 
to correctly reflect the ordering of the traces as they were collected. The renumbering was 
performed because during collection the files were numbered with traces 1-60 on each 
Stratavisor.  
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Figure 10. WSU2002A channels 1-60. Raw shot gather with only the first 60 channels.  
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Figure 11. WSU2002B channels 61-120. Raw shot gather representing only the second 
60 channels (actually 61-120 after renumbering). 
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Figure 12. Combined 120 channel, 6 second, and correlated raw shot gather.  
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2.3.3 File Editing 
 Within the now combined data there were some files that contained bad records, 
or bad files.  Bad files are files that are comprised primarily of noise, are blank or were 
test sweeps of the vibroseis system. Some of these files (i.e. test files) were identified in 
the observer logs created at the time of acquisition (Figure 13). 
 
2.3.4 Geometry 
 The geometry describes the spatial layout of the seismic survey (source and 
receiver locations and elevations) and was entered using the geometry spreadsheet 
program within Promax.  The station locations, digitized in UTM zone 17, were entered 
into Promax along with the receiver locations and the pattern of the receivers (Figure 14).   
 
2.3.5 Trace Editing 
 After the data were ordered and inline, single traces that needed editing were 
zeroed. Single traces needed zeroing due to excessive amounts of noise (Figure 15), a 
dead geophone, or traces showing the vibroseis pilot sweep (channels 1 and 61 for all 
files). Zeroing essentially takes all trace amplitude vales and sets them to zero.  
 
2.3.6 Top Mute 
 A top mute was applied to all shots to remove irrelevant data that occurred before 
the first arrival of the refracted wave. A top mute allows the processor to specify a part of 
the data for removal. The irrelevant noise is attributed to outside sources, because it  
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Figure 13. File containing mostly random noise. This file was deleted from WSU2002. 
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Figure 14. Geometry of WSU2002 seismic line, entered in UTM’s. Aspect ratio is not 
preserved in this map since a different scale is used for the Northings and Eastings. 
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Figure 15. File with several traces selected in red, which will be removed (zeroed) due to 
the trace either being associated with a broken geophone, a test sweep, or excessive 
amounts of noise. 
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occurs before the refracted wave from the vibroseis truck could reach the array (Figure 
16). The top mute was not used to remove refracted waves because of the anticipated use 
of an FK filter to remove the unwanted refracted waves.  
 
2.3.7 Bandpass Filter 
 The bandpass filter was applied to remove cultural noise in the data. Some low 
frequency, about 15Hz, noise was observed within the data. However, the lowest 
frequency used in the vibroseis sweep was 20Hz. Therefore, frequencies below 20Hz 
were removed as obvious noise. An Ormsby bandpass filter was used and set at 15-20-
110-120Hz. The first two numbers represent the 0% and 100% cut off points respectively 
and the last are 100% and 0% respectively (Figure 17). 
 
2.3.8 Automatic Gain Control 
 The Automatic Gain Control (AGC) was set at 400ms. This process raises the 
amplitude of a sample based upon the amplitudes within a 400ms window. The reason for 
this is to counter the effects of attenuation on the signal as a function of time in order to 
enhance late arriving reflectors.  
 
2.3.9 Elevation Statics 
 Elevation statics were applied to remove any topography changes present within 
the data and correct the data to a datum elevation.  The datum elevation was 
approximated to 310m above sea level, and was determined using a mean of all the 
station elevations. 
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Figure 16. Shot gather with a top mute applied above the refracted wave. Also the bad 
traces have been killed. 
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Figure 17. Top. Frequency content of a shot before the Ormsby bandpass filter was 
applied. Bottom. Frequency content of a shot after the Ormsby bandpass filter was 
applied. 
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2.3.10 FK Filter/Analysis 
 
 The FK (frequency/wavenumber) filter is a filter applied in the 
frequency/wavenumber domain. To find whether and where this filter should be applied, 
an FK analysis is performed. In the FK domain refracted seismic arrivals become linear 
events with broad frequency content and little change in wavenumber (constant slope in 
time domain), making these events easy to remove in the FK domain. Reflection events 
have smaller changes in frequency but higher changes in wavenumber (variations of dip 
along the hyperbola in time domain), making reflections easy to distinguish from 
refractions. Once the locations of the events were identified within the FK space, a 
polygon was placed around them to accept the reflected data. The resulting filter was then 
applied in the FK domain filter processor (Figure 18). 
 
2.3.11 CMP Sort 
 In a Common Mid-Point (CMP) sort, all traces are collected together based upon 
similar midpoints between the source and receiver locations. The resulting gather 
presumably contains data reflected from the same subsurface point (Figure 19). 
 
2.3.12 Constant Velocity Stacks 
 A constant velocity stack analysis was performed. A constant velocity stack is 
constructed by using a single velocity for the entire stack, and a series of stacks at a range 
of constant velocities are created. By observing how well a reflection coherently stacks a 
new set of velocity functions can be determined. 
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Figure 18. On the left is the shot gather with an applied AGC, top mute, and with bad 
traces killed. On the right is the trace converted to the Frequency/Wavenumber (F/K) 
domain. The triangle shows the accepted range for the FK filter. 
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Figure 19. A common mid-point contains all traces that would share a surface location 
halfway between the source and receiver.  
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2.3.13 NMO Correction 
 The normal move out (NMO) correction corrects the effects of offset geophones 
from shotpoints. When a wave propagates away from a shot point and reflects off a 
common depth point to a geophone, there are two factors in the time it takes for the wave 
to reach the geophone. The first factor is the offset of the source and the receivers. The 
second factor is the velocity that the wave was traveling. The NMO correction uses 
velocities to adjust the arrival time of the reflected wave. The NMO velocities were 
determined from the constant velocity stacks. 
 
2.3.14 Stack 
 Stacking is a process where traces are added together from common mid-points to 
reduce the effects of random noise. The NMO correction needs to be applied before the 
stacking process so reflectors will line up at common mid-points and be added summed 
together.  
 
2.3.15 Residual Statics 
Residual statics were applied to the data multiple times.  The residual statics 
procedure corrects statics left over from the elevation statics processor.  Residual statics 
corrects the CMP gathers by taking every source/receiver pair and correcting the pair. An 
event is picked within the stacked section, and then the program finds the corresponding 
event within the CMP gathered data. Then the event is lined up with the other events in 
the CMP gather.  
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2.3.16 Final Stack 
The final stack is a repeated stack of the data after finding an acceptable residual 
statics solution. The residual statics solution is applied then then stacked using the NMO 
velocities found during the common velocity stack.  At this point the data was seen to 
still contain irregularities within the upper reflectors therefore processing was not 
continued. If processing were to continue the last step would have been to migrate the 
data to its original position.  
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Figure 20. Processing flow chart used to process WSU2002.   
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3.0 DISCUSSION 
 After WSU2002 was collected in August of 2002 Lauren Geophysical was 
generous enough to process the seismic line pro bono. Lauren Geophysical only 
processed the data, to the authors’ knowledge, to a time-depth of 2 seconds (Plate 1). 
Throughout the Lauren Geophysical section, from 0 to 0.5 seconds there is a series of 
laterally consistent, horizontal reflections. These reflections are not entirely coherent but 
are consistent across specific time intervals. Below the 0.5 second reflections no 
prominent reflections are seen until 1.8 seconds where prominent reflections are seen 
from CMP (common mid-point) 650 with a slight western dip to CMP 475. Other 
prominent reflections are seen just above the 2 second cutoff but these are attributed as 
artifacts of processing edge data.  
 The processing undertaken during this study (Plate 2) has achieved a different 
outcome than that of the Lauren processing. From the top of the section to 0.4 seconds 
two way travel-time, no consistent reflections are seen. The inconsistencies are attributed 
to a lack of processing in the data above 0.4 seconds due to overriding concern to process 
lower Paleozoic reflections and the data below. From 0.4 seconds to between 0.5 and 0.6 
seconds there are a series of approximately 5 reflections. Within these five reflections 
there are obvious coherence problems. The coherency problems within the 5 reflections 
are seen between CMPs’ 150 and 200, 600 and 650, and 700 and 750. Below the series of 
5 reflections, at CMPs’ 250 and 450 there is a divergence and convergence, respectively, 
of reflection events. Also below the 5 reflections is a set west dipping of reflections. The 
dipping reflections are seen from CMP 600 to 350 and from two way travel-time of 0.5 to 
 
 35 
1.2 seconds. Below the west dipping reflectors no coherent reflections are seen until 2 
seconds and between CMPs’ 600 and 450.  
 On the Lauren Geophysical processed section the flat lying reflections from 0.3 to 
0.5 seconds are the only feature that can be interpreted with any confidence. These flat-
lying reflections are interpreted to represent basal Paleozoic units. The lack of reflections 
below the basal Paleozoic reflections is viewed as an absence of data and not uniform 
lithology. The reflectors at 2 seconds, as previously mentioned, are attributed to the 
processing of edge data (Figure 21). 
 Similar to the Lauren Geophysical processing this studies processed section also 
shows the Paleozoic reflectors from 0.4 seconds to between 0.5 and 0.6 seconds. 
Problems of lateral coherency are seen in both the final section of this study and lower 
Paleozoic units of the Lauren Geophysical section. Unlike the Lauren processing, this 
processing displays areas of topography and dip within the Paleozoic strata. The apparent 
structure is an unexpected outcome of this processing because such structures are not 
seen within other Paleozoic seismic sections within this area of Ohio (Figure 22). These 
apparent structures are most likely the result of a velocity pull-up. An explanation for the 
reflector pull-up would be an unexpected relative low in glacial drift thickness. Both 
sections also have a west dipping set of reflectors at 2 seconds, from CMPs’ 600 and 450.  
 The processing of this study, unlike the Lauren Geophysical processing, shows a 
unit that is bounded by a divergence and convergence of reflectors, seen from CMPs’ 250 
and 450 respectively, at a two way time of .6 seconds. This could be the carbonate 
formation found in the Selma Basin (Figure 23) to northwest, a new unit, or a thickening 
and thinning of an already known Paleozoic formation. Below the .6 second unit is an 
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area of non-coherent reflections. This non-coherency is not unlike the Middle Run 
Formation as seen on the Cincinnati Arch Consortium line in Warren County (Figure 1).  
 Also not seen on the Lauren Geophysical section is the dipping reflectors below 
the lower Paleozoic from CMP 600 to 350 and from a two way travel-time of 0.5 and 1.2 
seconds. There are two possible interpretations of these west dipping reflectors. One 
interpretation of the dipping reflectors is that they represent the top of crystalline 
basement truncated by an east dipping fault (Figure 24). The second interpretation is that 
the dipping reflectors are a west dipping fault zone (Figure 25). Both interpretations 
result in a triangular shaped half-graben basin bounded by the dipping reflectors, lower 
Paleozoic reflectors, and a non-reflective boundary to the west.  
 In the second interpretation of a half-graben, with the west dipping reflections 
representing a fault, the fault begins just below an arching area of Paleozoic reflectors. 
Although this arching may be a velocity pull-up of the time section and not a real 
anticline, if instead it is a real structure is may be an anticline formed by the reactivation 
of the west dipping fault.  
 The reprocessing of WSU2002 seems to have provided a low quality image, but 
the success of this reprocessing is that it has produced a comparable image to that of an 
industry scale processing company. A low quality image was not an unexpected outcome 
because the previous processor, Lauren Geophysical, is an industry processor and fully 
capable of processing data to its fullest extent. With the knowledge gained during this 
reprocessing another round of processing could produce a more enhanced image.  
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Other seismic lines collected by WSU have used dynamite as the seismic source, 
but this survey was shot with a vibroseis source. Usually vibroseis is the preferred source 
for industry seismic reflection acquisition, but in this case only one seismic truck was  
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Figure 21. Interpreted WSU2002 processed by Lauren Geophysical.
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Figure 22. Interpreted Cincinnati Arch Consortium and Wright State University seismic 
lines (Richard et al., 1997).
 
 40 
 
 
 
 
 
 
 
 
Figure 23. Interpreted Selma seismic section (Richard et al., 1997) 
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Figure 24. Interpretation of WSU2002 with a non-reflective east dipping fault bounding 
one side of a Middle Run basin.
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Figure 25. Interpreted WSU2002 with dipping reflectors representing a fault. 
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available, where the preferred setup uses multiple vibroseis trucks as the source. The use 
of only one truck may have led to high attenuation of signal at greater depths. 
Even with the use of one vibroseis truck, the data seems to be of good quality, 
however, there are factors surrounding the data that may have led to the data not being 
processed correctly. Some questions regarding the accuracy of the geometry have been 
voiced. A crossover in the geometry was found (Figure 21) and fixed with some simple 
geometry calculations. The geometry calculations may not have restored the original 
geometry of the line and led to some problems with the data.  
The expectations prior to processing were to image the basin that the Middle Run 
Formation lies in. The seismic signature for this basin could have a large variation but 
according to Richard et al. (1997), strong basement reflectors representing the Granite 
Rhyolite Province were present in the Cincinnati Arch Consortium seismic line, and 
therefore could be expected in the WSU2002 line. In the same seismic study the Middle 
Run Formation has a seismic appearance of weak discontinuous reflectors. The same type 
of appearance for the Middle Run would be expected for this reprocessed line. Above the 
Middle Run, multiple, continuous and flat lying Paleozoic reflectors would be expected. 
Other seismic lines from the associated area do not typically show structure or non-
coherent reflectors within the Paleozoic reflectors (Figure 1). A reason for the 
degradation and structure within this reprocessed data could be that the survey was 
conducted over a region of varying amounts of glacial drift (Figure 22). The figure shows 
that the other WSU lines have not, or only briefly, crossed an area of significant glacial 
drift.  
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As previously mentioned, varying amounts of glacial thickness can have a 
negative effect on seismic data. The reasons for this are that glacial drift is a relatively 
slow velocity medium for seismic waves, whereas bedrock is a relatively fast medium. 
With the slow travel times associated with glacial drift, acoustic waves would take a 
longer period of time in areas of thick glacial drift than they would in an area of thin 
glacial drift. This effect on a CMP sort would change a hyperbolic shaped reflection into 
some other shape depending on the local thickness of glacial drift. This means that when 
the NMO is applied to correct for hyperbolic move-out, the reflections will not line up 
optimally. Therefore leading to decreased coherency and a low velocity caused a pull-up 
in the data at locations of thinner till, much like what is seen in this studies lower 
Paleozoic formations. 
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Figure 26. Crossover in geometry of stations locations.
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Figure 27. Glacial drift map with locations of seismic lines collected by WSU and others 
(ODNR, 2004).  
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4.0 CONCLUSIONS 
 
 The image created in this study has brought out features not previously seen in the 
Lauren Geophysical processed section. The dipping reflectors directly below the 
Paleozoic reflectors have a few possible interpretations. Both interpretations involve 
faults making boundaries of a half-graben basin containing the Middle Run Formation. If 
the reflections are a fault, an anticline is interpreted to be at the top of the fault.  
Understanding the geologic setting of this seismic line suggests ways that 
WSU2002 could be processed again to possibly create a better image.  If WSU2002 were 
to be processed again to bring out new features, the processor should pay special 
attention to near-surface statics to remove the effects of variations in glacial drift 
thickness and velocity. Determining the glacial drift thickness could be done through 
collecting well data near the seismic line to estimate depth to bedrock. Determining the 
glacial drift thickness could even be done by collecting an S-wave refraction line to 
determine exact glacial thicknesses.  Future seismic lines collected in southwestern Ohio 
should be shot over areas that have known glacial thicknesses, or avoid areas that have 
varying thicknesses of glacial drift.  
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Plate 1. Lauren Geophysical Processing of WSU2002.
50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800
COMMON MID-POINT
.5
1.0
1.5
2.0
2.5
TW
O
W
AY
TR
AV
EL
-T
IM
E
(S
)
Plate 2. Enhanced Processing of WSU2002.
